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(57) ABSTRACT 

Asuspension for disc drive having a load beam and a ?exure 
is provided With a limiter mechanism for regulating the 
movement of the ?exure. The ?exure includes a tongue 
portion provided With a magnetic head slider and a pair of 
outrigger portions situated individually on the opposite sides 
of the tongue portion. The limiter mechanism is provided 
With a nipping portion that is formed by bending part of the 
load beam. The nipping portion includes a ?rst checking 
portion facing one surface of the ?exure across a gap, a 
connecting portion situated ahead of the ?exure, and a 
second checking portion extending rearWard from the con 
necting portion and facing the other surface of the ?exure 
across a gap. 
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SUSPENSION FOR DISC DRIVE 

BACKGROUND OF THE INVENTION 

The present invention relates to a suspension for support 
ing a magnetic head slider of a magnetic disc drive or 
photomagnetic disc drive incorporated in an information 
processing apparatus, such as a personal computer, portable 
computer, etc. 
Ahard disc drive (HDD) includes a carriage that can turn 

around a shaft. The carriage is turned around the shaft by 
means of a positioning motor. The carriage is provided With 
an arm, a suspension on the distal end portion of the arm, a 
head portion attached to the suspension, etc. The head 
portion is provided With a magnetic head slider that is 
situated in a position such that it can face a recording surface 
(track) of a disc, a transducer held on the slider, etc. When 
the disc rotates at high speed, the slider is slightly lifted from 
the disc surface, Whereupon an air bearing is formed 
betWeen the disc and the slider. 

FIG. 13 shoWs an example of a conventional suspension 
7. The suspension 7 includes a load beam 11 formed of a 
precision thin plate spring, a ?exure 12 formed of a very thin 
plate spring that is ?xed to the distal end portion of the beam 
11, a base plate 13 ?xed to the proximal portion of the load 
beam 11, etc. A magnetic head slider 10 is mounted on a 
tongue portion 12a that is formed on the ?exure 12. The 
?exure 12 has rather loW stiffness such that the slider 10 that 
is slightly lifted from the disc can ?exibly change its posture. 

Ahemispherical protrusion 15 is formed on the distal end 
portion of the load beam 11 so as to project toWard the 
?exure 12 in the thickness direction thereof. The top of the 
protrusion 15 can engage the tongue portion 12a of the 
?exure 12. Thus, a head portion 8 can make three 
dimensional displacements, such as pitching and rolling, 
around the protrusion 15. Since the protrusion 15 is 
depressed on the backside of the load beam 11, it is called 
a dimple in the art. In some cases, the protrusion 15 may be 
provided on the ?exure 12 in place of the load beam 11. 

If the conventional suspension 7 is subjected to an intol 
erable shock, the head portion 8 behaves unstably, so that the 
head portion 8 and the disc may be damaged in some cases. 
Thus, When the suspension 7 is shocked, the distal end 
portion of the load beam 11 may spring up, or the head 
portion 8 may pitch or roll. Accordingly, a corner portion of 
the head portion 8 runs against the disc surface, possibly 
resulting in damage to the head portion 8 or the disc. This 
draWback is promoted by dimple separation or separation 
betWeen the ?exure 12 and the protrusion 15, in particular. 

In US. Pat. No. 5,333,085, 5,771,136 or 5,838,517, a 
limiter mechanism is described and proposed as means for 
restraining the dimple separation. In conventional limiter 
mechanisms, partial bent portions on a load beam, for 
example, are opposed in the bending direction of a ?exure 
so that the ?exure engages the bent portions When the 
displacement of the ?exure reaches its tolerance limit. 
Alternatively, partial bent portions on the ?exure are 
opposed to the load beam so that they engage the load beam 
to restrain the movement of the ?exure When the displace 
ment of the ?exure reaches its tolerance limit. These con 
ventional limiter mechanisms make the distal end portion of 
the suspension Wider. 
As shoWn in FIG. 14, the suspension 7 moves around a 

shaft 2a of a carriage 2 in the direction of arroW M over a 
disc 9. When the suspension 7 is moved to the inner 
peripheral side of the disc 9, a ?xed clearance C should be 
secured betWeen a distal end portion 7a of the suspension 
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2 
and a hub ring 17. With use of the conventional limiter 
mechanisms that increase the Width of the suspension end 
portion 7a, therefore, the data area on the disc 9 is reduced 
inevitably. 

BRIEF SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to 
provide a suspension for disc drive, enjoying high shock 
resistance and capable of effectively restraining the move 
ment of a ?exure Without increasing the Width of its distal 
end portion. 

In order to achieve the above object, a suspension accord 
ing to the present invention comprises a ?exure for support 
ing a magnetic head slider, a load beam for supporting the 
?exure, and a limiter mechanism for regulating the move 
ment of the ?exure, the limiter mechanism including a 
checking portion formed of part of the load beam extending 
rearWard from the distal end of the ?exure and facing the 
?exure across a gap in the thickness direction of the ?exure. 

According to the suspension of the invention constructed 
in this manner, the limiter mechanism that includes the 
checking portion on the load beam can restrain the posture 
of the ?exure from being substantially changed by a shock 
and prevent dimple separation Without increasing the stiff 
ness of the ?exure or changing the shape of the ?exure. The 
distal end portion of the suspension With the limiter mecha 
nism according to the invention cannot be Wider than that of 
the conventional suspension. 

According to the invention, the ?exure includes a tongue 
portion provided With a magnetic head slider and a pair of 
outrigger portions situated individually on the opposite sides 
of the tongue portion, and the limiter mechanism is provided 
With a nipping portion including a ?rst checking portion 
facing one surface of the ?exure so as to restrain the tongue 
portion and the outrigger portions from bending in the 
thickness direction thereof and a second checking portion 
facing the other surface of the ?exure. According to the 
suspension of the invention constructed in this manner, the 
limiter mechanism can regulate the displacements of the 
tongue portion and the outrigger portions that are shocked, 
thereby more effectively restraining the movement of the 
?exure in the pitching and rolling directions. 

According to the invention, the limiter mechanism 
includes an extension portion for enlarging the area of 
opposition betWeen the load beam and the ?exure. The 
extension portion can more effectively restrain the move 
ment of the shocked ?exure. 

According to the invention, moreover, the limiter mecha 
nism includes a checking portion formed of part of the 
?exure extending rearWard from the distal end of the load 
beam and facing the load beam across a gap in the thickness 
direction of the load beam. According to the suspension of 
the invention constructed in this manner, the limiter mecha 
nism that includes the checking portion on the ?exure can 
restrain the posture of the ?exure from being substantially 
changed by a shock Without increasing the stiffness of the 
?exure or changing the shape of the ?exure. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
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preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a partial perspective vieW of a suspension for 
disc drive according to a ?rst embodiment of the present 
invention; 

FIG. 2 is a partial plan vieW of the suspension shoWn in 
FIG. 1; 

FIG. 3 is a partial side vieW of the suspension shoWn in 
FIG. 1; 

FIG. 4 is a partial plan vieW of a suspension for disc drive 
according to a second embodiment of the invention; 

FIG. 5 is a partial side vieW of the suspension shoWn in 
FIG. 4; 

FIG. 6 is a partial plan vieW of a suspension for disc drive 
according to a third embodiment of the invention; 

FIG. 7 is a partial side vieW of the suspension shoWn in 
FIG. 6; 

FIG. 8 is a partial plan vieW of a suspension for disc drive 
according to a fourth embodiment of the invention; 

FIG. 9 is a partial side vieW of the suspension shoWn in 
FIG. 8; 

FIG. 10 is a partial plan vieW of a suspension for disc 
drive according to a ?fth embodiment of the invention; 

FIG. 11 is a partial side vieW of the suspension shoWn in 
FIG. 10; 

FIG. 12 is a side vieW, partially in section, shoWing a hard 
disc drive; 

FIG. 13 is a perspective vieW shoWing a conventional 
suspension; and 

FIG. 14 is a plan vieW shoWing the suspension and a disc 
shoWn in FIG. 13. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A ?rst embodiment of the present invention Will noW be 
described With reference to FIGS. 1 to 3 and 12. 

FIG. 12 shoWs part of a hard disc drive 1. A carriage 2 of 
the disc drive 1 is turned around a shaft 2a by means of a 
positioning motor 3. The carriage 2 is composed of a coil 
portion 5 located near a magnet 4 of a motor 3, arms 6 ?xed 
to the coil portion 5, suspensions 20A located individually 
on the respective distal end portions of the arms 6, head 
portions 42 attached individually to the respective distal end 
portions of the suspensions 20A, etc. Each head portion 8 
can be moved to a desired track (recording surface) of its 
corresponding disc 9 by actuating the carriage 2 by means of 
the motor 3. 

An example of the suspension 20A shoWn in FIG. 1 
includes a load beam 21 formed of a precision thin plate 
spring of stainless steel or the like and a ?exure 22 formed 
of a very thin plate spring (thinner than the beam 21) that is 
?xed to the beam 21 by laser Welding or the like. The ?exure 
22 is formed of a springy stainless-steel sheet With a 
thickness of about 18 pm to 30 pm, for example. Abase plate 
similar to the conventional base plate 13 shoWn in FIG. 13 
is attached to the proximal portion of the load beam 21. The 
load beam 21 is ?xed to a carriage (e.g., carriage 2 shoWn 
in FIG. 12) by means of the base plate. A bent edge 24, 
called a box-bending, is formed on each side of the beam 21. 
As shoWn in FIG. 2 and other draWings, the ?exure 22 

extends in the axial direction (longitudinal direction) of the 
load beam 21. The distal end portion of the ?exure 22 is 
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4 
formed having a movable tongue portion 30 and a pair of 
outrigger portions 31 and 32, Which are situated on the left 
and right-hand sides of the tongue portion 30, respectively, 
and extend in the longitudinal direction of the ?exure 22. 
The tongue portion 30 and the outrigger portions 31 and 32 
can bend in the thickness direction of the ?exure 22. 

The opposite sides of the front end portion of the tongue 
portion 30 are connected to distal end portions 31a and 32a 
of the outrigger portions 31 and 32 by means of an end 
portion 22a extending in the Width direction of the ?exure 
22. A gap 37 having a U-shaped plane con?guration is 
formed around the tongue portion 30 by etching or the like. 
The tongue portion 30 and the outrigger portions 31 and 32 
can bend in their pitch-angle direction (rotating direction 
indicated by arroW P in FIG. 1). Aprotrusion 40 is provided 
on a distal end portion 21a of the load beam 21. The 
protrusion 40 is in contact With one surface (top surface side 
in FIG. 3) of the tongue portion 30. Although the protrusion 
40 projects hemispherically toWard the tongue portion 30, it 
is called a dimple because it is depressed on the backside of 
the load beam 21. 

The tongue portion 30 is provided With a magnetic head 
slider 41 (indicated by tWo-dot chain line in FIG. 3). The 
slider 41 is provided With a transducer (not shoWn) for use 
as a magnetoelectric conversion element. When a hard disc 
for use as a storage medium rotates at high speed, the slider 
41 is slightly lifted from the disc surface, Whereupon an air 
bearing is formed betWeen the disc 9 and the slider 41. The 
tongue portion 30, slider 41, transducer, etc. constitute the 
head portion 42. 
The top of the protrusion (dimple) 40 presses the tongue 

portion 30 of the ?exure 22. Accordingly, the tongue portion 
30, carrying the slider 41 thereon, can shift its position 
three-dimensionally in a pitching direction (direction of 
arroW P in FIG. 1) and a rolling direction (direction of arroW 
R in FIG. 1) around the protrusion 40. In some cases, the 
protrusion 40 may be provided on the ?exure 22 in place of 
the load beam 21. 
The suspension 20A is provided With a limiter mechanism 

50 for regulating the movement of the ?exure 22. The 
mechanism 50 includes a pair of nipping portions 51, left 
and right (on the underside in FIG. 3), Which Will be 
described beloW, the end portion 22a of the ?exure 22, etc. 
The thickness-direction movement of the end portion 22a is 
regulated by the nipping portions 51. 

Each nipping portion 51 is provided With a pair of ?rst 
checking portion 52 extending forWard from each corre 
sponding side of the distal end portion 21a of the load beam 
21 in the longitudinal direction of the beam 21, a connecting 
portion 53 extending sideWays from the distal end of the ?rst 
checking portion 52 and bent at about 90° in the thickness 
direction of the checking portion 52 (or doWnWard in FIG. 
3), and a second checking portion 54 extending rearWard 
from an end of the connecting portion 53 in the longitudinal 
direction of the load beam 21. 

Each ?rst checking portion 52 faces its corresponding end 
portion 22a of the ?exure 22 With a gap over one surface of 
the ?exure 22 (or on the top surface side in FIG. 3). Each 
connecting portion 53 faces its corresponding end portion 
22a of the ?exure 22 With a gap in front of the end portion 
22a. Each second checking portion 54 faces the distal end 
portion 31a or 32a of the outrigger portion 31 or 32 and the 
end portion 22a of the ?exure 22 corresponding thereto With 
a gap under the other surface of the ?exure 22 (or on the 
under surface side in FIG. 1). Thus, each end portion 22a of 
the ?exure 22 penetrates a gap G betWeen the ?rst and 
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second checking portions 52 and 54 Without touching them, 
as shoWn in FIG. 3. The ?exure 22 is ?xed to the load beam 
21. Accordingly, each end portion 22a of the ?exure 22 can 
?exibly move in its thickness direction Within the range of 
the gap G. 

The following is a description of the function of the 
suspension 20A. 

If the suspension 20A is shocked, the checking portions 
52 and 54 and other portions of the limiter mechanism 50 
can effectively restrain the pitching-direction movement of 
the magnetic head slider 41 that is lifted above the disc. 
Accordingly, the slider 41 can alWays touch the disc surface 
Without substantially changing its horiZontal posture. Thus, 
the possibility of the disc and the slider 41 being damaged 
is loWered substantially. The rolling-direction displacement 
of the slider 41 can be also restrained as the second checking 
portions 54 regulate the movement of their corresponding 
outrigger portions 31 and 32. 

In this suspension 20A, the bent portions formed on the 
load beam 21, in conjunction With the distal end portion of 
the ?exure 22, hold Wide areas of the outrigger portions 31 
and 32. Accordingly, the ?exure 22 can be effectively 
restrained from ?uttering When it is shocked. This ?uttering 
restraining effect can be obtained because the movement of 
the ?exure 22 in the pitching direction, as Well as the 
movement in the vertical direction, can be restrained. 
As the load beam 21 and the ?exure 22 of the limiter 

mechanism 50 are joined together, the end portion 22a of the 
?exure 22 is inserted into the gap betWeen the ?rst and 
second checking portions 52 and 54 of each nipping portion 
51. Thus, the ?exure 22 can be inserted into a predetermined 
position on the load beam 21 by only being slid in one 
direction With respect to the beam 21. Accordingly, the 
?exure 22 need not be positioned With high accuracy With 
respect to the load beam 21 as it is inserted, so that the 
process of insertion can be simpli?ed to improve the yield. 

Besides, the distal end portion of the suspension 20A need 
not be Widened for the limiter mechanism 50. Thus, the data 
area on the disc can be prevented from being reduced and 
can maintain the same value as in the case of a suspension 
that is provided With no limiter mechanism. 

The limiter mechanism 50 according to the present 
embodiment can be obtained by only bending the nipping 
portions 51, Which are attached to the distal end portion 21a 
of the load beam 21, Without bending the ?exure 22. Further, 
the nipping portions 51 are expected to be provided only on 
part of the load beam 21 Without requiring use of any other 
components. Thus, the number of essential components can 
be reduced, and the construction can be simpli?ed. 

FIGS. 4 and 5 shoW a suspension 20B according to a 
second embodiment of the present invention. The suspen 
sion 20B shares its construction and operation or function 
With the suspension 20A according to the ?rst embodiment 
except for some difference in the arrangement of the limiter 
mechanism 50. In FIGS. 1 to 5, therefore, common portions 
are designated by common reference numerals throughout 
the vieWs, and a description of those portions is omitted. 

In the limiter mechanism 50 of the suspension 20B 
according to the second embodiment, extension portions 60 
for enlarging the area of opposition betWeen a load beam 21 
and a ?exure 22 are formed by extending a distal end portion 
22a of the ?exure 22 forWard. The extension portions 60 
enable nipping portions 51 of the load beam 21 and the 
?exure 22 to overlap one another in Wider regions, as 
indicated by hatching in FIG. 4. Thus, the ?exure 22 can be 
restrained more effectively from moving When it is shocked. 
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6 
FIGS. 6 and 7 shoW a suspension 20C according to a third 

embodiment of the invention. The suspension 20C is some 
What different from the suspension 20A according to the ?rst 
embodiment (FIGS. 1 to 3) in the respective shapes of the 
load beam 21 and the ?exure 22. Bent edges 24 of the load 
beam 21 of the suspension 20C extend short of a tongue 
portion 30. The tongue portion 30 and outrigger portions 31 
and 32 according to this embodiment have simpler shapes 
than those of the ?exures according to the tWo foregoing 
embodiments. For other components, the suspension 20C 
shares its construction and operation or function With the 
suspension 20A. In FIGS. 1 to 7, therefore, common por 
tions are designated by like reference numerals throughout 
the vieWs, and a description of those portions is omitted. 

FIGS. 8 and 9 shoW a suspension 20D according to a 
fourth embodiment of the invention. In a limiter mechanism 
50 of the suspension 20D, extension portions 60 for enlarg 
ing the area of opposition betWeen a load beam 21 and a 
?exure 22 are formed by extending forWard the distal end 
portion 22a of the ?exure 22 of the suspension 20C accord 
ing to the third embodiment. The extension portions 60 
enable nipping portions 51 of the load beam 21 and the 
?exure 22 to overlap one another in Wider regions, as 
indicated by hatching in FIG. 8. Thus, the movement of the 
?exure 22 can be restrained more effectively. 

FIGS. 10 and 11 shoW a suspension 20E according to a 
?fth embodiment of the invention. A limiter mechanism 50 
of the suspension 20E is provided With nipping portions 71 
that are formed on a ?exure 22. The movement of the ?exure 
22 is restrained as the movement of the nipping portions 71 
is checked by extending distal end portions 21b of a load 
beam 21 When the suspension 20E is shocked. For other 
components, the suspension 20E shares its basic construc 
tion and function With the suspensions according to the 
foregoing embodiments. In FIGS. 1 to 11, therefore, com 
mon portions are designated by like reference numerals 
throughout the vieWs, and a description of those portions is 
omitted. 

The nipping portions 71 of the suspension 20E according 
to the ?fth embodiment comprise respective end portions 
22a of the ?exure 22, a pair of extending portions 71 
extending forWard from each corresponding side of the end 
portions 22a in the longitudinal direction of the ?exure 22, 
connecting portions 73 extending sideWays from each 
extending portion 72 and bent at about 90° in the thickness 
direction of each extending portion 72 (or upWard in FIG. 
11), and checking portions 74 extending rearWard from an 
end of each connecting portion 73 in the longitudinal 
direction of the ?exure 22. 

Each end portion 22a of the ?exure 22 faces its corre 
sponding extending distal end portion 21b of the load beam 
21 With a gap on one surface side of the beam 21 (or on the 
under surface side of the load beam 21 in FIG. 11). Each 
connecting portion 73 faces its corresponding extending 
distal end portion 21b of the load beam 21 With a gap in front 
of the end portion 21b. Each checking portion 74 faces its 
corresponding end portion 21b With a gap on the other 
surface side of the end portion 21b (or on the top surface side 
of the load beam 21 in FIG. 11). Thus, each distal end 
portion 21b of the load beam 21 can penetrate a gap G 
betWeen the end portion 22a of the ?exure 22 and the 
checking portion 74 corresponding thereto. In this case, 
therefore, the process of insertion of the ?exure 22 in 
position on the load beam 21 can be also carried out With 
ease. 
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It is to be understood that the present invention may be 
carried out With the respective con?gurations of various 
components that constitute the invention, including the load 
beams, ?eXures, head portions, movable parts (outrigger 
portions and tongue portions), checking portions of the 
limiter mechanisms, etc., changed or modi?ed as required. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A suspension for disc drive, comprising: 
a ?eXure including a tongue portion for mounting a 

magnetic head slider; 
a load beam for supporting the ?eXure; and 
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a limiter mechanism for regulating movement of the 

?eXure, the limiter mechanism including checking por 
tions facing an end portion of the ?eXure; 

Wherein a gap is preserved in a thickness direction of the 
?eXure; 

Wherein the checking portions comprise a pair of ?rst 
checking portions extending forWard from a distal end 
portion of the load beam in a longitudinal direction of 
the load beam, and a pair of second checking portions 
extending rearWard from a distal end of the ?eXure; 

Wherein the limiter mechanism further includes connect 
ing portions respectively connecting the ?rst and sec 
ond checking portions; and 

Wherein the connecting portions are provided forWard of 
the distal end of the ?eXure, and the second checking 
portions individually eXtend rearWard from the con 
necting portions in the longitudinal direction of the load 
beam. 
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